The serrated polyp-neoplasia pathway is a novel concept that has been demonstrated to diVer from the conventional adenoma-carcinoma pathway. To characterize the phenotypic patterns of diVerentiation in colorectal serrated polyps, we examined the immunohistochemical expression proWle of gastric (MUC5AC, TFF1, MUC6, GlcNAc 1 ! 4Gal ! R, and PDX1) and intestinal (MUC2, TFF3, and CDX2) epithelial markers in 15 hyperplastic polyps (HPs), 29 sessile serrated adenomas (SSAs),12 traditional serrated adenomas (TSAs), and 16 conventional adenomas (CAs). MUC5AC and TFF1 were upregulated in the HPs, SSAs, and TSAs. MUC6 was expressed in the HPs and SSAs. GlcNAc 1 ! 4Gal ! R was expressed only in the SSAs. Although MUC2 expression was preserved, TFF3 was downregulated in the HPs, SSAs, and TSAs. PDX1 was upregulated in the HPs, SSAs, and TSAs. On the other hand, CDX2 was downregulated in the HPs and SSAs. The colorectal serrated polyps showed higher expression of gastric makers than CAs. The HPs and SSAs showed gastric and intestinal mixed phenotype expression with gastric pyloric organoid diVerentiation and almost identical, but diVerent from the TSAs, marker proWle. PDX1 up-regulation and CDX2 down-regulation could be important for the induction of a gastric pyloric pattern of cell diVerentiation in colorectal serrated polyps.
Introduction
Hyperplastic polyps (HPs) of the colorectum characteristically display elongated crypts and an irregular serrated conWguration of the crypt lining cells (Arthur 1968) . Traditionally, these polyps have been considered to be benign and non-neoplastic; however, there have been reports of HPs in association with colorectal adenomas or adenocarcinoma. In 1990, Longacre and Fenoglio-Preiser (1990) proposed the term "serrated adenoma" for colorectal serrated mucosal lesions comprising dysplastic adenomatous cells (architecturally hyperplastic but cytologically adenomatous). Torlakovic et al. (2003) and, subsequently, Snover et al. (2005) subdivided colorectal serrated polyps into HPs, sessile serrated adenomas (SSAs, serrated lesions with architecturally distorted crypts and cytologically bland cytological features of the cells lining the crypts), and traditional serrated adenomas (TSAs, serrated lesions comprising cells with adenomatous cytological features). Phenotypically, the cells lining crypts of HPs and serrated adenomas show diVerentiation of the gastric surface and pyloric gland mucous cells (Biemer-Huttmann et al. 1999; Hirono et al. 2004; Koike et al. 2003; Yao et al. 1999) .serrated polyps in general, and SSA in particular, has not been reached and inter-observer variability is most pronounced for SSAs (Glatz et al. 2007 ). This pathway may account for up to 15% of sporadic colorectal carcinomas that are characterized by microsatellite instability and DNA mismatch repair deWciency (Iino et al. 1999; Jass et al. 2002) . In addition, progress in understanding the molecular basis of serrated colorectal polyps has suggested the origin of the serrated polyp neoplasia pathway in HP and its stepwise progression from HP to SSA, to serrated adenoma, and ultimately to invasive adenocarcinoma (Kambara et al. 2004; O'Brien et al. 2006) .
The gastrointestinal mucosa is covered by mucous cells, which produce cell-speciWc mucins. Mucins are highly glycosylated glycoproteins, and their core proteins (mucin core proteins: MUC) have been named according to the corresponding genes (mucin gene) (Moniaux et al. 2001 ). MUC5AC, MUC6, and MUC2 are expressed in gastric surface mucous cells, gastric gland mucous cells, and intestinal goblet cells, respectively (Buisine et al. 2000a, b; Nakajima et al. 2003) . In addition, N-acetyl-glucosamin 1 ! 4galactose ! R (GlcNAc 1 ! 4Gal ! R), which is recognized by the monoclonal antibody HIK1083 (Kanto Chemical, Tokyo, Japan) (Ishihara et al. 1996) , is a sugar residue speciWc for mucins produced by the gastric gland mucous cells (gastric gland mucous cell-type mucin) (Nakajima et al. 2003; Ota et al. 2001) . The gastric gland mucous cell type mucin has previously been deWned by paradoxical concanavalin A staining (Katsuyama and Spicer 1978) .
Besides mucins, mucous cells secrete the trefoil factor family (TFF) peptides (TFF1, TFF2, and TFF3), which are mucin-associated peptides that share a structural mucosal barrier function with mucins in addition to participating in the repair and healing of damaged mucosa (HoVmann 2004) . TFF1 (formerly designated as pS2) is produced by gastric surface mucous cells (Ruchaud-Sparagano et al. 2004) ; TFF2 (human spasmolytic peptide: HSP), by gastric gland mucous cells (Hanby et al. 1993) ; and TFF3 (intestinal trefoil factor: ITF), mainly by intestinal goblet cells (Podolsky et al. 1993) .
Cell growth and diVerentiation are controlled by homeobox gene-encoded transcription factors. The development of the gastric antrum along with the pancreas and duodenum is regulated by the pancreatic-duodenal homeobox 1 gene (PDX1) (Gannon et al. 2001; StoVers et al. 1999) . In mice and humans, PDX1 is expressed in the nuclei of the epithelial cells of the gastric antrum, pancreatic islets and the duodenum (Gannon et al. 2001; Nomura et al. 2005; Sakai et al. 2004; StoVers et al. 1999) . Recently, PDX1 expression was conWrmed in the pseudopyloric glands of the gastric mucosa in mice and humans (Nomura et al. 2005; Sakai et al. 2004) . In contrast, intestinal development is regulated by the caudal homeobox 2 gene (CDX2), and CDX2 is expressed in the nuclei of normal intestinal epithelial cells, intestinal metaplastic cells, and neoplastic cells with intestinal diVerentiation (Bai et al. 2002; Eda et al. 2002) .
The expression of these mucins, mucin-associated peptides and homeobox gene-encoded transcription factors are cell-type speciWc; hence, they are useful phenotypic indicators of the direction of cell diVerentiation in normal, metaplastic, or neoplastic cells in the gastrointestinal tract .
In the present study, to promote an understanding of the phenotypic diVerences among HPs, SSAs, and TSAs and their histogeneses, we examined the characteristics of the epithelial cells of HPs, SSAs, and TSAs diagnosed based on previously described criteria (ParWtt and Driman 2007; Snover et al. 2005) by using immunostaining for cell-type speciWc mucins, TFFs, and homeobox gene-encoded transcription factor proteins.
Materials and methods

Histological diagnosis of colorectal polyps
In this study, we compared HPs, SSAs, and TSAs with normal colon mucosa and conventional adenoma (CA). The diagnosis of HP, SSA, and TSA were diagnosed based on previously described criteria (ParWtt and Driman 2007; Snover et al. 2005) , and we included representative cases that fulWlled the following criteria in our study (Fig. 1) . In brief, HP was diagnosed when a serrated polyp without overt cytological atypia showed narrowed crypt bases predominantly lined with immature cells. In the HPs, crypt branching and dilatation or horizontal orientation of the crypt base were not observed, and serration was noted only in the upper half to one-third of the crypts. SSA was diagnosed when a sessile polyp with epithelial serration demonstrated the following architectural features: crypt branching, dilatation or horizontal orientation of the crypt bases, and the presence of a disordered proliferative zone (presence of mature mucous cells in the bottom of crypts). In cases diagnosed as SSA, some cell populations showed cytoplasmic eosinophilia (Snover et al. 2005) . SSA generally showed minimal cytological atypia; however, some cells expressing cytoplasmic eosinophilia showed cytological atypia (cuboidal to short columnar cells with round to oval enlarged nuclei with small nucleoli), as previously reported (Higuchi et al. 2005; Snover et al. 2005 ). The TSA was diagnosed when a protuberant polyp with epithelial serration was demonstrated to possess a uniform population of columnar cells with cytoplasmic eosinophilia and elongated, polarized, and pencillate nuclei. In this study, serrated polyp included HP, SSA and TSA. CA with low-grade dysplasia was diagnosed based on the criteria of the World Health Organization classiWcation (Hamilton et al. 2000) .
Tissue sample selection
Archived pathology reports at Shinshu University Hospital and its aYliated hospitals were searched for cases diagnosed as hyperplastic polyp or serrated adenoma. The hematoxylin and eosin (H&E)-stained slides of the retrieved cases were reviewed and representative cases of HP, SSA and TSA that fulWlled the above mentioned criteria were randomly selected. This yielded 15 HPs (from 15 patients), 29 SSAs (from 27 patients), and 12 TSAs (from 12 patients). In addition, 16 CAs with low-grade dysplasia (from 16 patients) were randomly selected for comparison. These lesions were endoscopically excised or collected from the colectomy specimens of patients who had undergone surgery for colorectal cancers. Histologically normal appearing colonic mucosa (Wve cases of right-sided colonic lesions and Wve cases of left-sided colonic lesions) was also randomly selected from colectomy specimens for colorectal cancer and served as normal colonic mucosa. The lesions were considered right sided if they occurred proximal to the splenic Xexure and left sided if they occurred distal to the splenic Xexure. Polyp size was determined at the time of pathological analysis.
As the positive control for gastric markers, histologically normal appearing pyloric mucosa with no intestinal metaplasia and minimal mononuclear cell inWltration (Wve cases) were randomly obtained from pancreatoduodenectomy specimens resected for pancreatic cancer or bile duct cancer.
Preparation of tissue sections, immunohistochemisty, and histochemistry
Serial paraYn sections of 3-m thickness were stained with H&E for histological examination or subsequent immunohistochemical staining to investigate the phenotype of the cells lining the crypts of the serrated polyps and CAs. To investigate the expression of the characteristics of gastrointestinal epithelial cells, the following indicators of direction of cell diVerentiation were used: anti-MUC5AC (mouse monoclonal antibody, 45M1, £100, Novocastra, Newcastle-upon-Tyne, UK) and anti-TFF1 (mouse monoclonal antibody, BC04, £50, DAKO, Carpenteria, CA, USA) for gastric surface mucous cells; anti-MUC6 (mouse monoclonal antibody, CLH5, £100, Novocastra) and anti-N-acetylglucosamin 1 ! 4galactose ! R (GlcNAc 1 ! 4Gal ! R) (mouse monoclonal antibody, HIK1083, £5, Kanto Chemical, Tokyo, Japan) for gastric gland mucous cells; anti-PDX1 (guinea pig polyclonal antibody, generously provided by Prof. Christopher V. E. Wright, Vanderbilt University Medical School, Nashville, TN, USA) for gastric epithelial cells; anti-MUC2 (mouse monoclonal antibody, Ccp58, £100, Novocastra) and anti-TFF3 (mouse monoclonal antibody, 15C6, £200, NanoTools Antikoerpertechnik, Teningen, Germany) for intestinal goblet cells; and anti-CDX2 (mouse monoclonal antibody, CDX2-88, £400, BioGenex Inc. San Ramon, CA, USA) for intestinal epithelial cells. Immunohistochemical staining was performed using the immuno-enzyme polymer method (HistoWne Simple Stain MAX PO, Nichirei Biosciences, Tokyo, Japan) with 3, 3Ј-diaminobenzidone as the chromogen. For the immunostaining of PDX1, rabbit polyclonal anti-guinea Further, SSA shows serrated crypt epithelium comprising cells with eosinophilic cytoplasm and gland-like structure at the base of crypts (arrows and inset) (d). TSA shows epithelial serration comprising a uniform population of columnar cells with cytoplasmic eosinophilia and elongated nuclei pig immunoglobulin (DAKO) was used as the secondary antibody prior to using the HistoWne detection system. Prior to immunostaining, antigen retrieval was performed using a Pascal pressurized heating chamber (DAKO) (0.01 M citrate buVer, pH 6.0) for MUC5AC, MUC6, PDX1, MUC2, and CDX2 or microwave (1 mM EDTA solution, pH 8.0) for TFF1, GlcNAc 1 ! 4Gal ! R, and TFF3.
Histologically normal pyloric mucosa and colonic mucosa were used as positive controls for the diVerentiation markers of gastric and intestinal epithelial cells, respectively. Negative controls were performed by omitting the primary antibody or substituting it with a non-immune mouse or guinea pig serum.
Evaluation of immunostaining
Immunoreactivity of the phenotypic markers was semiquantitatively estimated as follows: 0, negative; 1, less than one-third of the cells were positive; 2, one-third to twothird of the cells were positive; or 3, more than two third of the cells were positive. Staining scores are nonparametric and are thus expressed as median scores with an interquartile range rather than mean values.
Histology and the immunoreactivity were independently evaluated by two pathologists (A. M. and H. O.). DiVerences in evaluation were resolved after discussion.
Statistics
The Mann-Whitney U test was used to compare the clinical data and staining scores between the groups. DiVerences were considered signiWcant when the P value was less than 0.05. This study was approved by the Ethics Committee of Shinshu University, Japan.
Results
Clinical and histopathological Wndings
The clinical and histopathological characteristics of the serrated polyps and CAs examined are summarized in Table 1 .
The SSAs were more likely to be right sided than the HPs and TSAs. Patients with right-sided HP and SSA tended to be older, and right-sided HPs and SSAs tended to be larger, although age and size diVerences between rightsided HPs and SSAs and left-sided HPs and SSAs were proved to be statistically not signiWcant. The SSAs and TSAs were larger than the HPs. The TSAs tended to be larger than the SSAs, although size diVerences between SSAs and TSAs were proved to be statistically not signiWcant.
Expression of gastric epithelial cell markers
In normal gastric pyloric mucosa, MUC5AC was expressed in the mucous granules of the surface mucous cells, MUC6 and GlcNAc 1 ! 4Gal ! R were expressed in the mucous granules and cytoplasm of the pyloric gland cells, and PDX1 was expressed in the nuclei of normal gastric epithelial cells in all cases examined (data not shown).
Comparison between normal colonic mucosa and HP, SSA, and TSA MUC5AC was expressed in the normal colonic mucosa (40%) and in all the serrated polyps examined (Table 2) . MUC5AC was expressed in the mucous granules in the goblet cells of normal mucosa and the crypt lining cells of serrated polyps (Fig. 2) . The staining scores for MUC5AC were higher in the HPs, SSAs, and TSAs than in the normal Fig. 2 ). In the normal colonic mucosa, goblet cells were generally negative for MUC5AC, and in MUC5AC-positive cases, MUC5AC-positive goblet cells were only sporadically distributed on the surface and in the upper crypts (Fig. 2a) . In the serrated polyps, MUC5AC was generally expressed throughout the length of the crypt, but some reduction in expression was observed in the basal portion of the crypts (Fig. 2b-e) . TFF1 was expressed in the normal colonic mucosa (70%) and in all the serrated polyps examined (Table 2) . TFF1 was expressed in the mucous granules and cytoplasm in the goblet cells in normal mucosa and the crypt lining cells in serrated polyps (Fig. 3) . The staining scores for TFF1 were higher in the HPs, SSAs, and TSAs than in the normal colonic mucosa (Table 2, Fig. 3 ). In the normal colonic mucosa immunoreactive for TFF1, TFF1-positive goblet cells were only sporadically distributed on the surface and in the upper crypts (Fig. 3a) . In the serrated polyps, TFF1 was expressed in an increasing concentration gradient toward the upper crypts (Fig. 3b-e) .
MUC6 was expressed in the HPs (26.7%), and SSAs (75.9%), but not in the normal colonic mucosa or TSAs (Table 2 , Fig. 4 ). MUC6 was expressed in the mucous granules and cytoplasm in the crypt lining cells localized at the crypt base or with an increasing concentration gradient toward the crypt base ( Fig. 4b-d) .
GlcNAc 1 ! 4Gal ! R was expressed only in three cases of the SSA (10.3%) (Table 2, Fig. 5 ). GlcNAc 1 ! 4Gal ! R-positive cells were cuboidal mucous cells with Xattened nuclei at the cell base and formed a gland-like structure similar to the pyloric gland at the base of the crypts (Figs. 1d and 5d ). In the SSAs with the gland-like structure immunoreactive for GlcNAc 1 ! 4Gal ! R, the crypt epithelium comprised columnar cells with eosinophilic cytoplasm (Fig. 1d) . These eosinophilic crypt cells showed low-grade nuclear atypia in 1 case (Fig. 1d) .
The nuclear expression of PDX1 was detected in the crypt lining cells in the HPs (93.3%), SSAs (96.6%), and TSAs (100%), but not in the normal colonic mucosa (Table 2, Fig. 6 ). 
Comparison between CA and HP, SSA, and TSA
The CAs were immunoreactive for MUC5AC (68.8%), TFF1 (50%), MUC6 (6.3%), and PDX1 (12.5%) but not for GlcNAc 1 ! 4Gal ! R (Table 2) , and the staining scores for MUC5AC, TFF1, and PDX1 were higher in the HPs, SSAs, and TSAs than in CAs ( Table 2 ). The staining scores for MUC6 were higher only in the SSAs than in CAs (Table 2) .
Comparison among serrated polyps
The HPs and SSAs showed similar staining scores for all gastric markers, except for MUC6 (Table 3 ). Compared to the HPs, the SSAs showed higher staining scores for MUC6 (Tables 2 and 3) , and right-sided SSAs showed higher staining scores for MUC6 than the left-sided ones (P < 0.05). There were no signiWcant diVerences between right-sided HPs and left-sided HPs on gastric marker expressions. Compared to TSAs, the HPs showed higher staining scores for MUC5AC, and the SSAs showed higher staining scores for MUC5AC, TFF1, and MUC6 (Table 3) .
Expression of intestinal epithelial cell markers
Comparison between normal colonic mucosa and HP, SSA, and TSA MUC2, TFF3, and CDX2 were expressed in all the specimens of normal colonic mucosa and serrated polyps examined (Table 2 ). MUC2 and TFF3 were expressed in the mucous granules and cytoplasm in the goblet cells in normal mucosa (Fig. 7a) and the crypt lining cells in serrated polyps (Fig. 7b-e ). CDX2 were localized in the nuclei of epithelial cells in normal colonic mucosa (Fig. 8a ) and serrated polyps (Fig. 8b-e) . The staining scores for MUC2
were not signiWcantly diVerent between the normal colonic mucosa and all 3 types of serrated polyps ( Table 2 ). The staining scores for TFF3 were lower in all the three types of serrated polyps (Table 2 ) and those for CDX2 were lower in the HPs and SSAs than in normal colonic mucosa (Table 2) .
Comparison between CA and HP, SSA and TSA
The results were identical to those obtained by comparing the normal colonic mucosa with HP, SSA, and TSA (Table 2) .
Comparison among serrated polyps
The staining scores for all intestinal epithelial markers in the HPs were similar to those in SSAs ( Table 2 ). The TSAs showed higher staining scores for CDX2 than either the HPs or SSAs (Tables 2 and 3) . Additionally, compared to the SSAs, the TSAs showed higher staining scores for TFF3 (Tables 2 and 3 ). 
Discussion
The present study demonstrates the clinical and phenotypic characteristics of colorectal serrated polyps: HPs, SSAs, and TSAs. In this study, the SSAs occurred at a higher frequency in the left-side than the right-side of the colon and showed a predilection for the right-side of the colon compared with the HPs and TSAs. These observations were consistent with prior reports that used a consecutively accrual methodology (Higuchi et al. 2005) or used a case-selected methodology (Torlakovic et al. 2003) . Contrastingly, in another study, which used a consecutive methodology (ParWtt and Driman 2007), it was noted that SSAs were predominantly located in the right-side of the colon. These discrepancies among reports could be explained by diVerences in the criteria of SSA as well as case selection bias. However, there is agreement that SSAs show a predilection for the right-side of the colon compared with HPs and TSAs (Higuchi et al. 2005; ParWtt and Driman 2007; Torlakovic et al. 2003) . In addition, we found the SSAs and TSAs were larger than the HPs. This is generally in good agreement with the previous study that used consecutive samples (Higuchi et al. 2005) .
A comparison of the cellular phenotypes of these three types of serrated polyps revealed that the HPs and SSAs were characterized by a higher expression of gastric markers than the TSAs and had essentially similar cellular phenotypes. On the other hand, TSAs were characterized by a higher expression of intestinal markers than the HPs and SSAs. These observations demonstrate that HPs and SSAs are closely related lesions with regard to phenotype. Some recent reports have noted molecular events to account for the transition in the serrated polyp neoplasia pathway from HP to SSA (Kambara et al. 2004; O'Brien et al. 2006) . Thus, high prevalence of BRAF mutation among serrated colorectal polyps, its origin in HP, and increase of CpG island methylation in SSA have been reported (Kambara et al. 2004; O'Brien et al. 2006) . Additional molecular features may serve as more selective markers for high-risk serrated polyps.
In HPs, SSAs, and TSAs, MUC5AC (gastric surface mucous cell marker) was generally expressed throughout the length of the crypts, and TFF1 (gastric surface mucous cell marker) was expressed in an increasing concentration gradient toward the upper crypts. In contrast, MUC6 (gastric gland mucous cell marker) was expressed in an increasing concentration gradient toward the crypt base in the HPs and SSAs but not in the TSAs. Moreover, GlcNAc 1 ! 4Gal ! R (gastric gland mucous cell marker) was expressed in mucous cells of a gland-like structure similar to the pyloric gland at the crypt base in the SSAs. The results of this study are generally in agreement with previous reports regarding the cellular phenotype characteristics of serrated polyps (Biemer-Huttmann et al. 1999; Hirono et al. 2004; Koike et al. 2003; Yao et al. 1999) . Yao et al. (1999) demonstrated the presence of MUC5AC and TFF1 (formerly termed pS2) in HPs and serrated adenomas and suggested the diVerentiation of the mucous cells in these serrated polyps toward gastric surface mucous cells. BiemerHuttmann et al. (1999) and Koike et al. (2003) also demonstrated the aberrant expression of MUC5AC in HPs and serrated adenomas. More recently, Hirono et al. (2004) noted the expression of MUC5AC and MUC6 in HPs and serrated adenomas and the expression of GlcNAc 1 ! 4Gal ! R in serrated adenomas, suggesting bidirectional diVerentiation of mucous cells toward gastric surface mucous cells and gastric gland mucous cells in HPs and serrated adenomas. These Wndings indicate that organoid diVerentiation simulating the gastric pyloric mucosa occurs in HPs and SSAs, and gastric surface mucous cell diVerentiation but not gastric gland mucous cell diVerentiation occurs in TSAs. Similar organoid diVerentiation simulating the gastric pyloric mucosa has been reported in pyloric metaplasia of the pancreatic duct (Arakura et al. 2001; Matsuzawa et al. 1992; Ota et al. 2001) , ileum (Kushima et al. 1997) , and the uterine cervix , and in adenocarcinoma of the stomach (Fujimori et al. 1995; Ota et al. 2001) , pancreas (Arakura et al. 2001; Matsuzawa et al. 1992; Ota et al. 2001) , lung (Honda et al. 1998; Ota et al. 2001) , ovary (Shiozawa et al. 1992) , and uterine cervix . Importantly, the pyloric metaplasia has been suggested to be a precursor lesion for adenocarcinoma in which gastric mucins are produced in the pancreas (Matsuzawa et al. 1992 ) and uterine cervix .
Our results show an increased expression of PDX1 in all 3 types of serrated polyps and a decreased expression of CDX2 in the HPs and SSAs. These Wndings may be related to the gastric pyloric pattern of cell diVerentiation in serrated polyps. PDX1 is a transcription factor that plays an essential role in the genesis and development of the gastric antrum as well as that of the pancreas and duodenum (Gannon et al. 2001; StoVers et al. 1999 ). In normal human or mice gastrointestinal mucosa, PDX1 expression has been reported in the nuclei of the epithelial cells of the gastric pyloric mucosa as well as the pancreatic islet and the duodenal mucosa (Gannon et al. 2001; Nomura et al. 2005; Sakai et al. 2004; StoVers et al. 1999) . Interestingly, the presence of ectopic PDX1 expression in the gastric fundic mucosa was reported in pseudopyloric gland metaplasia (antralization) in humans (Nomura et al. 2005; Sakai et al. 2004 ) and in mice (Nomura et al. 2005) . In contrast, CDX2 is the decisive diVerentiation factor for the development and homeostasis of the intestinal epithelium. Recent studies have reported that the loss of CDX2 function in the intestine leads to the transformation of intestinal mucosa to gastric mucosa in the human duodenum (gastric metaplasia) (Faller et al. 2004 ) and the Cdx2+/¡ mouse colon (Beck et al. 1999) . Thus, it appears that PDX1 up-regulation and CDX2 down-regulation could be important for the induction of a gastric pyloric pattern of cell diVerentiation in colorectal serrated polyps.
In this study, the mixed phenotype expression in the colorectal serrated polyps was conWrmed and elaborated (Biemer-Huttmann et al. 1999; Higuchi et al. 2005; Koike et al. 2003) . Importantly, a similar disturbance of cellular diVerentiation, i.e., diVerentiation resulting in a gastric and intestinal mixed-phenotype, has been observed in lesions showing heterogeneous proliferations with a malignant potential, namely, gastric intestinal metaplasia (Inada et al. 1997) and in pancreatic intraductal papillary-mucinous neoplasms (Terris et al. 2002) . Interestingly, colorectal serrated polyps, particularly SSAs, have been reported to be candidates for precursor lesions of colorectal carcinoma with high microsatellite instability, for which a gastric and intestinal mixed mucinous phenotype has been reported (Biemer-Huttmann et al. 2000; Goldstein et al. 2003) . These observations support the concept that the progression of serrated polyps to colorectal carcinoma diVers from the conventional adenoma-carcinoma sequence (Hawkins and Ward 2001; Jass et al. 2002) , particularly for SSAs that might present with abnormal mismatch repair (Torlakovic et al. 2003) and develop into adenocarcinoma with microsatellite instability (Goldstein et al. 2003) .
In summary, here, we conWrmed and elaborated the characteristics of the gastric and intestinal mixed phenotype in colorectal serrated polyps, particularly HPs and SSAs that showed organoid diVerentiation simulating the gastric pyloric mucosa. The PDX1 up-regulation and CDX2 down-regulation could be important for inducing a gastric pyloric pattern of cell diVerentiation in colorectal serrated polyps. Further research on the regulation of PDX1 and CDX2 expressions may provide useful information for investigating the mechanisms involved in aberrant phenotypic expression and the histogeneses of colorectal serrated polyps.
